of 2Ј,7Ј-dichlorofluorescein was measured using a Perkin Elmer LS-5B spectrofluorometer and using flow cytometry (Becton Dickinson, Mountain View, CA, U.S.A.), respectively. The image analysis for the generation of intracellular ROS was achieved by seeding the cells on a cover-slip loaded six well plate at 2ϫ10 5 cells/well. Sixteen hours after plating, the cells were treated with 7,8-dihydroxyflavone at 10 mg/ml. After 30 min, 1 mM of H 2 O 2 was added to the plate. After changing the media, 100 mM of DCF-DA was added to each well and was incubated for an additional 30 min at 37°C. After washing with PBS, the stained cells were mounted onto microscope slide in mounting medium (DAKO, Carpinteria, CA, U.S.A.). The microscopic images were collected using the Laser Scanning Microscope 5 PASCAL program (Carl Zeiss, Jena, Germany) on a confocal microscope.
8-Hydroxy-2-deoxyguanosine (8-OHdG) Assay The 8-OHdG content in DNA was determined using a Bioxytech 8-OHdG-ELISA kit purchased from OXIS Health Products (Portland, OR, U.S.A.) according to the manufacturer's instructions. Cellular DNA was isolated using the DNAzol reagent (Life Technologies, Grand Island, NY, U.S.A.) and quantified using a spectrophotometer.
Alkaline Single Cell Gel Electrophoresis (Comet Assay) A comet assay was performed to assess oxidative DNA damage. 17, 18) The cell pellet (1.5ϫ10 5 cells) was mixed with 100 ml of 0.5% low melting agarose (LMA) at 39°C, and spread on a fully frosted microscopic slide that was precoated with 200 ml of 1% normal melting agarose (NMA). After the solidification of the agarose, the slide was covered with an additional 75 ml of 0.5% LMA and then immersed in lysis solution (2.5 M NaCl, 100 mM Na-EDTA, 10 mM Tris, 1% Trion X-100, and 10% dimethyl sulfoxide (DMSO), pH 10) for 1 h at 4°C. The slides were then placed in a gel-electrophoresis apparatus containing 300 mM NaOH and 10 mM Na-ethylenediaminetetraacetate (Na-EDTA) (pH 13) for 40 min to allow DNA unwinding and the expression of the alkali labile damage. An electrical field was applied (300 mA, 25 V) for 20 min at 4°C to draw negatively charged DNA toward an anode. Following electrophoresis, the slides were washed three times for 5 min at 4°C in a neutralizing buffer (0.4 M Tris, pH 7.5), and then stained with 75 ml of ethidium bromide (20 mg/ml). The slides were visualized by fluorescence microscopy and image analysis (Komet, Andor Technology, Belfast, U.K.). The percentage of total fluorescence in the tail and the tail length of the 50 cells per slide were recorded.
Western Blot The cells were treated with 7,8-dihydroxyflavone at 10 mg/ml. After an additional 30 min, 1 mM of H 2 O 2 was added to the plate. The cells were incubated for 24 h, harvested, washed twice with phosphate buffered saline (PBS), lysed on ice for 30 min in 100 ml of a lysis buffer [120 mM NaCl, 40 mM Tris (pH 8), 0.1% NP 40] and then centrifuged at 13000ϫg for 15 min. Next, the supernatants were collected from the lysates, and the protein concentrations were determined. Aliquots of the lysates (40 mg of protein) were boiled for 5 min and electrophoresed in 10% sodium dodecysulfate-polyacrylamide gel. The blots in the gels were transferred onto nitrocellulose membranes (BioRad, Hercules, CA, U.S.A.), which were then incubated with the primary antibodies. The membranes were further incubated with the secondary immunoglobulin-G-horseradish peroxidase conjugates (Pierce, Rockford, IL, U.S.A.). Protein bands were detected using an enhanced chemiluminescence western blotting detection kit (Amersham, Little Chalfont, Buckinghamshire, U.K.), and then exposed onto X-ray film.
Immunocytochemistry The cells plated on coverslips were fixed with 4% paraformaldehyde for 30 min and permeabilized with 0.1% Triton X-100 in PBS for 2.5 min. Next, the cells were treated with blocking medium (3% bovine serum albumin in PBS) for 1 h and incubated with anti-phospho histone H2A.X antibody diluted in blocking medium for 2 h. The immunoreactive primary phospho histone H2A.X antibody was detected with a 1 : 500 dilution of FITC-conjugated secondary antibody (Jackson ImmunoResearch Laboratories, West Glove, PA, U.S.A.) for 1 h. After washing with PBS, the stained cells were mounted onto microscope slides in mounting medium with DAPI (Vector, Burlingame, CA, U.S.A.). The images were collected using the Laser Scanning Microscope 5 PASCAL program (Carl Zeiss, Jena, Germany) on a confocal microscope.
Cell Viability To determine the effects of 7,8-dihydroxyflavone on the cell viability in H 2 O 2 treatment, 1 mM of H 2 O 2 was added to 7,8-dihydroxyflavone pretreated cells and incubated for 24 h. Next, 50 ml of the [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium] bromide (MTT) stock solution (2 mg/ml) was added to each well to attain a total reaction volume of 200 ml. After incubating for 4 h, the plate was centrifuged at 800ϫg for 5 min and the supernatants were aspirated. The formazan crystals in each well were dissolved in 150 ml of DMSO and read at A 540 on a scanning multi-well spectrophotometer. 19) To determine the effect of Akt pathway on the cell viability, cells were pretreated with final 5 mM of LY294002 for 1 h, followed by 1 h of incubation with 7,8-dihydroxyflavone and exposure to 1 mM of H 2 O 2 for 24 h. The cell viability was measured using the MTT assay.
Nuclear Staining with Hoechst 33342 1.5 ml of Hoechst 33342 (stock 10 mg/ml), a DNA specific fluorescent dye, was added to each well and incubated for 10 min at 37°C. Next, the stained cells were observed under a fluorescent microscope equipped with a CoolSNAP-Pro color digital camera, in order to examine the degree of nuclear condensation.
Flow Cytometry Analysis Flow cytometric analysis was performed to determine the content of apoptotic sub G 1 hypo-diploid cells. 20) The cells were harvested and fixed in 1 ml of 70% ethanol for 30 min at 4°C. The cells were washed twice with PBS, and then incubated for 30 min under dark condition at 37°C in 1 ml of PBS containing 100 mg propidium iodide and 100 mg RNase A. The flow cytometric analysis was performed by assessing the proportion of sub G 1 hypo-diploid cells by the histograms generated using the computer program, Cell Quest and Mod-Fit (Becton Dickinson, Mountain View, CA, U.S.A.).
DNA Fragmentation Cellular DNA-fragmentation was assessed using the cytoplasmic histone-associated DNA fragmentation kit from Roche Diagnostics (Mannheim, Germany) according to the manufacturer's instructions.
Statistical Analysis All the measurements were performed in triplicate and all the values were represented as the meanϮstandard error (S.E.). The results were subjected to an analysis of the variance (ANOVA) using the Tukey test to analyze the differences. Statistical significance was set at pϽ0.05.
RESULTS

Radical Scavenging Effect of 7,8-Dihydroxyflavone
The radical scavenging effects of 7,8-dihydroxyflavone on the DPPH radical and the intracellular ROS were determined. The DPPH radical scavenging activity of 7,8-dihydroxyflavone was 5, 17, and 72% at concentration of 0.1, 1, and 10 mg/ml, respectively (Fig. 2A) . The intracellular ROS scavenging activity of 7,8-dihydroxyflavone after H 2 O 2 treatment was detected using DCF-DA assay. The fluorescence spectrometric data revealed that the intracellular ROS scavenging activity of 7,8-dihydroxyflavone was 20, 64, and 81% at concentration of 0.1, 1, and 10 mg/ml, respectively (Fig. 2B) . The intracellular ROS scavenging activity of 7,8-dihydroxyflavone was found to be consistent with its DPPH radical scavenging activity. As a result, we chose 10 mg/ml as optimal dose of 7,8-dihydroxyflavone for further study. Moreover, the fluorescence intensity of DCF-DA staining was measured using a flow cytometer and a confocal microscope. The level of ROS detected using a flow cytometer revealed a fluorescence intensity value of 688 for the ROS stained with the DCF-DA fluorescence dye in H 2 O 2 with 7,8-dihydroxyflavone (10 mg/ml) treated cells compared to a fluorescence intensity value of 904 in H 2 O 2 -treated cells (Fig. 2C) . Moreover, analysis of confocal microscope revealed that 7,8-dihydroxyflavone reduced the red fluorescence intensity with H 2 O 2 treatment as shown in Fig. 2D , thus reflecting a reduction in ROS generation.
The Effect of 7,8-Dihydroxyflavone against H 2 O 2 -Induced DNA Damage H 2 O 2 -induced damage to DNA is the important lesion responsible for the loss of cell viability. Damage to cellular DNA induced by H 2 O 2 exposure was detected by amount of the 8-OHdG, by alkaline comet assay, and by phospho histone-H2A.X protein expression. The production of the 8-OHdG adduct in DNA has been extensively used as a biomarker of oxidative stress. 21) As shown in Fig. 3A , H 2 O 2 treatment increased the 8-OHdG level to 12723 pg/ml compared to 7429 pg/ml in the control cells. Moreover, 7,8-dihydroxyflavone treatment decreased the 8-OHdG level to 8387 pg/ml. The exposure of cells to H 2 O 2 was found to increase the tail length and percentage of DNA in the tails of cells. Moreover, when the cells were exposed to H 2 O 2 , the percent of DNA in the tail increased to 72%, whereas treatment with 7,8-dihydroxyflavone decreased the percent of DNA in the tail to 30% (Figs. 3B, C) . The phosphorylation of nuclear histone H2A.X, a sensitive marker for breaks in double stranded DNA, 22) increased in the H 2 O 2 -treated cells, as shown by Western blot and immuno-fluorescence imaging (Figs. 3D, E) with Hoechst 33342 and assessed by microscopy. The microscopic images in Fig. 4B revealed that the control cells had intact nuclei, while the H 2 O 2 -treated cells showed significant nuclear fragmentation, which is indicative of apoptosis. However, pretreatment of 7,8-dihydroxyflavone in H 2 O 2 -treated cells was observed a decrease in nuclear fragmentation. As shown in Fig. 4C , the H 2 O 2 -treated cells showed a 54% increase in the apoptotic sub-G 1 DNA content. Moreover, treatment with 10 mg/ml of 7,8-dihydroxyflavone decreased the apoptotic sub-G 1 DNA content to 20%. The treatment of cells with H 2 O 2 was found to increase the levels of cytoplasmic histone-associated DNA fragmentations, compared to the control group. However, treatment with 10 mg/ml of 7,8-dihydroxyflavone was found to decrease the degree of DNA fragmentation (Fig. 4D) . These results suggest that 7,8-dihydroxyflavone protects cell viability by inhibiting H 2 O 2 -induced apoptosis.
Effect of 7,8-Dihydroxyflavone on Activation of Akt
Akt, which is also called protein kinase B (PKB), is a major signaling enzyme (Ser/Thr kinase) involved in cell survival against oxidative stress. 23, 24) We assessed the phosphorylation level of Akt (active form of Akt) by Western blot assay. 7,8-Dihydroxyflavone pretreatment in H 2 O 2 -treated cells restored the expression of phosphorylated Akt (Ser 473), which was decreased in only H 2 O 2 -treated cells (Fig. 5A) . To determine the effect of the Akt inhibitor on the protection effect of 7,8-dihydroxyflavone from H 2 O 2 -treated cell death, cells were pretreated with 5 mM of LY294002 (a specific PI3K inhibitor) for 1 h, followed by treatment with 7,8-dihydroxyflavone for 1 h, and finally 1 mM of H 2 O 2 for 24 h. As shown in Fig. 5B , LY294002 attenuated the cytoprotective effect of 7,8-dihydroxyflavone against H 2 O 2 -induced cell death, suggesting the involvement of Akt signaling in the cytoprotective effect of 7,8-dihydroxyflavone against H 2 O 2 -induced cell death. 
DISCUSSION
DNA damage is frequent occurrence in cells exposed to oxidative stress. The ROS are DNA damaging agents which produce a series of DNA lesions, including base damage, single or double strand breaks, as well as DNA-DNA or DNA-protein crosslinks. Double strand breaks are the most important consequence of oxidative stress since they lead to cell death. 25 DNA damage as well as the activation of the Akt signal pathway. As a result of the present study, 7,8-dihydroxyflavone should be given considerations as antioxidant properties with potential application in the prevention of ROS induced genotoxicity. 
